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Abstract: Although sinus problems have long been recognized as the most common respiratory
symptoms associated with agricultural work, there is a scarcity of recent studies and/or reliable
estimates as to the true prevalence or risk factors of sinus problems related to farming. The aim
of this study was to determine the prevalence of sinus problems in farming and non-farming
rural populations and further investigate the association of individual (for example life-style,
occupational), contextual (e.g., environmental), and important covariates (e.g., age, sex) with sinus
problems. A large-scale cross-sectional study was conducted in farm and non-farm residents of rural
Saskatchewan, Canada. A logistic regression model based on a generalized estimating equations
approach were fitted to investigate the risk factors of sinus problems. Sinus problems were reported
by 2755 (34.0%) of the 8101 subjects. Farm residents were more likely to spend their first year of
life on farm compared with non-farm residents, and indicated a significantly lower risk of sinus
problems. Meanwhile, occupational exposure to solvent and mold were associated with an increased
risk of sinus problems. Some health conditions such as allergy and stomach acidity/reflux, family
history, and female sex were also related to a higher risk of sinus problems. Farm residents had a
significantly lower risk of sinus problems than non-farm residents, likely due to the exposure to farm
specific environments in their early life.
Keywords: rhinitis; occupational exposure; environmental exposure; farm; rural health; allergy;
respiratory; birth weight; gastroesophageal reflux; sinusitis
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1. Introduction
Sinus problems including rhinitis and sinusitis are among the most common medical conditions,
which can significantly decrease quality of life, aggravate comorbid conditions such as asthma,
and require significant direct medical expenditures [1–5]. They also create even greater indirect
costs to society by causing lost work and schooldays and reduced workplace productivity and school
learning [2,3]. Based on the National Population Health Survey data from 1998 to 1999, the prevalence
of self-reported doctor diagnosed chronic rhinosinusitis was 5.2% with 95% confidence interval
(4.8–5.7%) [6].
Sinus problems have long been recognized as common respiratory symptoms associated with
agricultural work, however, there is a scarcity of recent studies and/or reliable estimates as to the
true prevalence or risk factors of sinus problems related to farming [3,7,8]. It has been reported
that breeding and handling of livestock, dairy production, swine barn exposures, and grain farming
increased nasal inflammation and symptoms [3,7]. Exposure to pesticides has also been associated with
many respiratory symptoms including sinus problems [3,9]. On the other hand, several studies have
identified some of the exposures associated with a farming lifestyle that contributed to the reduced
risk of rhinitis, asthma, and allergic diseases in farm children (i.e., contact with livestock; contact
with animal feed such as hay, grain, straw, and silage; and the consumption of unprocessed cow’s
milk) [1,4,5,10–15]. The reduced risk in farm children has been attributed to higher endotoxin levels and
more diverse exposures to microbial components in the farm environment [1,4,10–12,15]. This so-called
“hygiene hypothesis” has a theoretical basis that the type and level of stimulation from the microbial
environment may influence the postnatal differentiation of T-helper lymphocytes [1,4,5,10,11,13,14],
and it supports the lifelong protective effect of farm exposures in early childhood against the
development of allergies [11,15]. Some studies, however, failed to identify this protective effect [16]
and the others reported that some farming and poor hygiene exposures were associated with an
increase in the prevalence of rhinitis in schoolchildren [16,17]. There is no evidence which can fully
explain this heterogeneity of the effects, although some possible backgrounds were suggested such
as type or quantity of exposure, allergic/non-allergic, and early-onset/late-onset outcome [7,15–18].
There are many potential causative factors of sinus problems, and they sometimes modify the effects
of each other. This may contribute to difficulty in reliably identifying risk factors of sinus problems in
clinical settings.
The aim of this study was to determine the prevalence of sinus problems in farming and
non-farming rural populations and further investigate the association of individual (for example
life-style, occupational), contextual (e.g., environmental), and important covariates (e.g., age, sex)
with sinus problems. The interactive effects between risk factors on sinus problems were investigated
simultaneously to explain accurately the associations among these risk factors and sinus problems.
2. Materials and Methods
2.1. Baseline Survey
The Saskatchewan Rural Health Study (SRHS) design is a prospective cohort study being
conducted in two phases: baseline and follow-up. Details of the baseline study are given elsewhere [19].
In brief, 39 rural municipalities (RMs) of the 298 RMs in Saskatchewan and 16 of the 145 towns
(population ranging from 500 to 5000) in Saskatchewan were selected to participate in the study. These
RMs and towns were selected at random from four quadrants of the province (southeast, southwest,
northeast, and northwest). Councils of 32 out of 39 RMs (82.1%) and 15 out of 16 towns (93.8%) agreed
to participate on behalf of their residents and supplied mailing addresses. Dillman’s method was
utilized to recruit study participants [20]. The study population comprised 8261 individuals (males
and females, 18 years of age or older) from 4624 households living in 32 rural municipalities and
15 towns in the study area.
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2.2. Variables
Information on the variables described below was collected by self-administered, mailed
questionnaires based on the Population Health Framework [21,22]. Some measures of lifestyle factors,
occupational exposures, and socio-economic status used in our questionnaire were adopted from
previous research studies that had validated these measures [22–24]. The SRHS was conducted with
the understanding and the voluntary consent of the participants upon return of the questionnaire.
The study was approved by the Biomedical Research Ethics Board (Bio# 09-56) of the University of
Saskatchewan, Canada.
2.2.1. Primary Outcome
The primary outcome of interest was sinus problems based on a “yes or no” answer to the question
“Has a doctor ever said you had sinus trouble ever in your life: yes or no?”.
In our survey, when we asked the question about sinus trouble, we captured the information
either on sinusitis (including acute/chronic sinusitis) or rhinitis (including allergic or non-allergic
rhinitis) or a combination of both. Sinusitis is an inflammation or swelling of the tissue lining the
sinuses, while rhinitis is an inflammation of the nasal mucous membranes. Rhinosinusitis refers to
inflammation of the nasal cavities and sinuses [25]. The symptoms of rhinitis and sinusitis overlap,
and sinusitis rarely occurs in the absence of rhinitis [2].
2.2.2. Contextual Factors
The contextual factors associated with sinus problems of interest in this study were environmental
factors including residence location, indoor/outdoor environment, and socioeconomic status.
Designation of residence in a rural dwelling was further classified as living on farm or non-farm based
on the question “Where is your home located?” with options: “farm, in town, acreage”. A non-farm
category was created by combining town and acreage. This categorization was necessary because
farming exposures can be unique compared to non-farming exposures among rural residents. Indoor
environment was assessed by response to questions about smoking inside the house, filtered heating
systems, dampness, indoor mold, any pets in home, and pesticides applied inside the residence.
The outdoor environment was assessed using information about indoor (barn) intensive livestock
operation (building), feedlot or corrals, balestack or bales, grain bins, and sewage pond or manure
lagoon located near the home. Main drinking water source was also investigated. Socioeconomic status
was assessed using household income adequacy, which was a derived variable with four categories
based on various combinations of total household income and the number of people living in the
household according to the Statistics Canada definition [26].
2.2.3. Individual Factors
The individual factors considered to be associated with sinus problems were: (i) lifestyle
or behavior-related factors with an expected impact on health including smoking and alcohol
consumption; (ii) early life exposures; (iii) occupational history and its exposures; (iv) co-morbid
conditions; and (v) family history of lung disease. Early life exposures were assessed by the response
to the questions regarding ever having lived on a farm, lived on a farm during first year of life, mother
smoking in pregnancy, breastfed as a child and its term (for ≥6 month or not), and birth weight (<2500
g, 2500–3999 g or ≥4000 g) according to the national reports [27,28]. Information about occupational
history was collected (job title; business, industry or service; total number of years at job). Based on the
most frequent responses (i.e., farmers, farm managers, farm supervisors, specialized livestock workers
and general farm workers) to occupational history questions, a variable farm worker was derived. An
association of farm worker was investigated as a possible risk factor of sinus problems. Information
on the following occupational exposures was collected: grain dust, mine dust, asbestos dust, wood
dust, other dust (specify), livestock, smoke from stubble burning, diesel fumes, welding fumes, solvent
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fumes, oil/gas-well fumes, herbicides (to kill plants), fungicides (to treat grain), insecticides (to kill
insects), molds, radiation, other (specify). As the co-morbid conditions, allergic conditions, ear infection
in the past year, stomach acidity or reflux in past year, usual cough, usual phlegm, ever wheeze, ever
asthma, ever hay fever, and chronic diseases (diabetes, heart disease, heart attack, arteriosclerosis,
hypertension, cystic fibrosis, tuberculosis, stroke, cancer, other (specify)) were included in the analyses.
In the present study, the number of chronic diseases (categorized as: ≥2 diseases, 1 disease, or 0
(no disease)) and not each individual disease, seemed appropriate for the analyses because of a
very low prevalence of some chronic conditions such as cystic fibrosis (0.1%) or tuberculosis (0.4%).
Information about a family history of lung disease was based on biological family member (father,
mother, brother/sister) ever having had lung trouble (asthma, emphysema and chronic bronchitis).
2.2.4. Covariates
Information was obtained on covariates of importance such as age, sex, body mass index, and
educational attainment. Body mass index (BMI) was derived from self-reported weight and height
of the respondent and used to determine normal (<25 kg/m2), overweight (≥25 kg/m2, <30 kg/m2),
or obese (≥30 kg/m2).
2.3. Statistical Analysis
Statistical analysis was completed using SPSS version 24.0 statistical software (IBM SPSS 24.0
Statistics for Windows, IBM Corp., Armonk, NY, USA). Prevalence was presented as observed/total
and percentage. Chi-square tests were used to determine the association of prevalence of sinus
problems and location of residence. A logistic regression model using generalized estimating equations
to account for the within-subject (household—considered as level 2) dependencies that occur in the
analysis due to multiple individuals (considered as level 1) from the same household was used
in the analysis. Based on bi-variable analysis, variables with p < 0.20 became candidates for a
multivariable model. All variables that were statistically significant (p < 0.05), important contextual
factors (i.e., location of home and region), sex, and age were retained in the final multivariable model.
A parsimonious model was selected based on the Quasilikelihood function under the Independence
model criteria goodness-of-fit statistic [29,30]. The strength of associations is presented by odds ratios
and their 95% confidence intervals.
3. Results
Of the 8261 participants, 160 were excluded because of missing data for sinus problems and/or
location of home, leaving 8101 (98.1%) subjects for the analysis. The mean age of population was
55.8 ± 15.7 years (range 18–101 years). There were approximately equal proportions of males (49.2%)
and females (50.8%) in this study. Although there were fewer farm residents (42.1%) than non-farm
residents (57.9%), the difference was accounted for in the multivariable analyses. Farm residents were
more likely to spend their first year of life on a farm compared with non-farm residents (79.4% vs. 59.6%,
p < 0.001). Sinus problems were reported by 2755 (34.0%) of the 8101 subjects (Table 1). The prevalence
of sinus problems among farm residents was lower than that among non-farm residents (32.3% vs.
35.2%, p = 0.006), especially southwest (33.3% vs. 39.7%, p = 0.015) and northwest of Saskatchewan
(30.5% vs. 35.3%, p = 0.013).
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Table 1. Prevalence of sinus problems stratified by geographic location and farm/non-farm residence.
Quadrant of Saskatchewan
Farm Residents Non-Farm Residents Total
Sinus Problems Sinus Problems Sinus Problems
Yes/Total (%) Yes/Total (%) Yes/Total (%)
Southwest 182/546 33.3 383/965 39.7 ** 565/1511 37.4
Southeast 239/699 34.2 376/1057 35.6 615/1756 35.0
Northeast 379/1176 32.2 366/1174 31.2 745/2350 31.7
Northwest 301/987 30.5 527/1493 35.3 ** 828/2480 33.4
Not Identified 0/0 - 2/4 50.0 2/4 50.0
Total 1101/3408 32.3 1654/4693 35.2 * 2755/8101 34.0
There was a significant difference (* p < 0.01, ** p < 0.05) in prevalence of sinus problems between farm and non-farm
residents using the chi-squared test statistic.
The bi-variable relationships between the contextual factors, individual factors, or covariates and
sinus problems are shown in Tables 2–4. Univariate logistic regression analyses, adjusted for repeated
households, showed that the diagnosis of sinus problems was associated with the following contextual
factors, individual factors, and covariates: household income adequacy; region of Saskatchewan
(quadrant); location of home (farm/non-farm); dampness in past year; mold inside (mildew odor or
musty smell); any pets in the past year; application of insecticides inside the house in the past year;
sewage pond or manure lagoon located near home; water source; smoking; alcohol consumption;
early life exposures (ever lived on a farm, lived on a farm during first year of life, mother smoking in
pregnancy, birth weight, breastfed as a child, breastfed for 6 months or longer); occupational history
in farm; adult farming exposure years; occupational exposures (grain dust, asbestos dust, welding
fumes, solvents, insecticides, mold, or radiation); health conditions (house dust allergy, cat allergy, dog
allergy, grass allergy, pollen allergy, mold allergy, ear infection in past year, stomach acidity, or reflux
in past year, usual cough, usual phlegm, ever wheeze, ever asthma, ever hay fever, number of chronic
diseases); family histories (father lung disease, mother lung disease, brother/sister lung disease); sex,
age, body mass index (BMI) and education.
Table 2. Bivariable analysis of an association between contextual factors and sinus problems.
Sinus Problems Unadjusted OR * (95% CI)
Yes/Total (%)
Contextual Factors
Socioeconomic
Household Income Adequacy
Lowest income 98/211 31.7 0.87 (0.67, 1.14)
Lower middle income 370/1183 31.3 0.85 (0.74, 0.99)
Upper middle income 815/2273 35.9 1.05 (0.93, 1.18)
Highest income 1081/3106 34.8 1
Unknown 391/1230 31.8 0.87 (0.75, 1.01)
Environmental
Quadrant (Region)
Southwest 565/1511 37.4 1.19 (1.04, 1.37)
Southeast 615/1756 35.0 1.07 (0.94, 1.23)
Northeast 745/2350 31.7 0.93 (0.81, 1.05)
Northwest 828/2480 33.4 1
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Table 2. Cont.
Sinus Problems Unadjusted OR * (95% CI)
Yes/Total (%)
Contextual Factors
Location of Home
Farm 1101/2307 32.3 0.87 (0.79, 0.97)
Non-farm 1654/4693 35.2 1
Household Smoking
Yes 392/1222 32.1 0.90 (0.78, 1.03)
No 2355/6843 34.4 1
Filter of Heating system
Yes 2385/6916 34.5 1.13 (0.97, 1.32)
No 283/890 31.8 1
Dampness in Past Year
Yes 603/1551 38.9 1.29 (1.14, 1.46)
No 2135/6495 32.9 1
Mildew Odor or Musty Smell
Yes 519/1350 38.4 1.27 (1.11, 1.44)
No 2158/6527 33.1 1
Any Pets in Home in Past Year
Yes 1350/3688 36.6 1.24 (1.13, 1.37)
No 1405/4413 31.8 1
Pesticides Applied Inside Residence in Past Year
Yes 653/1694 38.5 1.28 (1.14, 1.43)
No 2073/6315 32.8 1
Livestock Operation Located near Home
Yes 442/1325 33.4 0.98 (0.86, 1.11)
No 2261/6649 34.0 1
Feedlot or Corrals Located near Home
Yes 917/2690 34.1 1.01 (0.91, 1.12)
No 1793/5298 33.8 1
Balestack or Bales Located near Home
Yes 1034/3017 34.3 1.03 (0.93, 1.14)
No 1678/4974 33.7 1
Grain Bins Located near Home
Yes 1389/4082 34.0 1.00 (0.91, 1.11)
No 1328/3910 34.0 1
Sewage Pond or Manure Lagoon Located near Home
Yes 1134/3016 36.5 1.22 (1.11, 1.35)
No 1527/4777 32.0 1
Water Source
Lake 4/15 26.7 0.94 (0.73, 1.21)
Dugout or reservoir 125/419 29.8 0.78 (0.61, 0.98)
Spring, river, or creak 117/306 38.2 1.11 (0.85, 1.46)
Shallow well water (less than 100ft) 507/1577 32.1 0.86 (0.75, 0.99)
Deep well water (more than 100ft) 654/1897 34.5 0.55 (0.84, 1.10)
Bottled water 872/2456 35.5 1
Another source 101/297 34.0 0.94 (0.73, 1.21)
Unknown 329/1006 32.7 0.89 (0.75, 1.04)
OR, odds ratio; CI, confidence interval. * Odds ratios that are significantly different from zero (p < 0.05) are shown
in bold.
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Table 3. Bivariable analysis of the association between individual factors and sinus problems.
Sinus Problems Unadjusted OR * (95% CI)
Yes/Total (%)
Individual Factors
Lifestyle Factors
Smoking
Current smoker 305/951 32.1 0.96 (0.82, 1.11)
Ex-smoker 1049/2868 36.6 1.18 (1.07, 1.30)
Never smoker 1394/4252 32.8 1
Alcohol Consumption
More than 3 times a week 260/850 30.6 0.83 (0.69, 0.99)
1–3 times a week 637/1923 33.1 0.93 (0.80, 1.08)
Less than once a week 1355/3871 35.0 1.02 (0.89, 1.16)
Never 495/1435 34.5 1
Early Life Exposure
Ever Lived on a Farm
Yes 2245/6690 33.6 0.88 (0.78, 1.00)
No 508/1399 36.3 1
Lived on a Farm during First Year of Life
Yes 1791/5452 32.9 0.85 (0.77, 0.93)
No 939/2574 36.5 1
Mother Smoking in Pregnancy
Yes 472/1200 39.3 1.31 (1.16, 1.50)
No 1954/5972 32.7 1
Unknown 323/907 35.6 1.11 (0.96, 1.29)
Birth Weight
<2500 g 197/433 45.5 1.39 (1.13, 1.70)
≥2500, <4000 g 1163/3113 37.4 1
≥4000 g 179/527 34.0 0.85 (0.70, 1.04)
Unknown 1150/3842 29.9 0.70 (0.63, 0.78)
Breastfed as a Child
Yes 1257/3702 34.0 0.90 (0.80, 1.00)
No 804/2228 36.1 1
Unknown 648/2038 31.8 0.80 (0.70, 0.91)
Breastfed for 6 Months or Longer
Yes 485/1440 33.7 0.88 (0.77, 1.01)
No 1101/3042 36.2 1
Unknown 1123/3486 32.2 0.82 (0.74, 0.91)
Occupational History
Any Occupational History in Farm
Yes 1113/3506 31.7 0.81 (0.74, 0.89)
No 1616/4498 35.9 1
Adult Farming Exposure Years
0 1651/4506 35.8 1
>0, <30 444/1355 32.8 0.86 (0.76, 0.98)
≥30, <50 500/1534 32.6 0.85 (0.75, 0.96)
≥50 134/505 26.5 0.63 (0.51, 0.77)
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Table 3. Cont.
Sinus Problems Unadjusted OR * (95% CI)
Yes/Total (%)
Individual Factors
Occupational Exposures
Grain Dust
Yes 1805/5431 33.2 0.86 (0.78, 0.96)
No 916/2535 36.1 1
Mine Dust
Yes 151/438 34.5 0.98 (0.80, 1.20)
No 2570/7528 34.1 1
Asbestos Dust
Yes 218/538 40.5 1.29 (1.08, 1.54)
No 2503/7428 33.7 1
Wood Dust
Yes 1079/3073 35.1 1.04 (0.94, 1.14)
No 1642/4893 33.6 1
Livestock
Yes 1393/4096 34.0 0.97 (0.88, 1.06)
No 1328/3870 34.3 1
Stubble Smoke
Yes 1137/3204 35.5 1.09 (0.99, 1.20)
No 1584/4762 33.3 1
Diesel Fumes
Yes 1598/4682 34.1 0.96 (0.87, 1.05)
No 1123/3284 34.2 1
Welding Fumes
Yes 1048/3272 32.0 0.82 (0.75, 0.90)
No 1673/4694 35.6 1
Solvents
Yes 1079/2828 38.2 1.27 (1.15, 1.40)
No 1642/5138 32.0 1
Oil or Gas Fumes
Yes 636/1912 33.3 0.92 (0.83, 1.03)
No 2085/6054 34.4 1
Herbicides
Yes 1408/4038 34.9 1.04 (0.95, 1.14)
No 1313/3928 33.4 1
Fungicides
Yes 893/2615 34.1 0.97 (0.88, 1.07)
No 1828/5351 34.2 1
Insecticides
Yes 1294/3593 36.0 1.14 (1.04, 1.25)
No 1427/4373 32.6 1
Mold
Yes 1155/2761 41.8 1.64 (1.49, 1.81)
No 1566/5205 30.1 1
Radiation
Yes 290/678 42.8 1.48 (1.26, 1.74)
No 2431/7288 33.4 1
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Table 3. Cont.
Sinus Problems Unadjusted OR * (95% CI)
Yes/Total (%)
Individual Factors
Health Conditions
House Dust Allergy
Yes 645/1016 63.5 4.09 (3.56, 4.69)
No 2032/6848 29.7 1
Cat Allergy
Yes 519/906 57.3 2.99 (2.59, 3.45)
No 2158/6958 31.0 1
Dog Allergy
Yes 289/468 61.8 3.39 (2.80, 4.12)
No 2388/7396 32.3 1
Grass Allergy
Yes 730/1243 58.7 3.37 (2.97, 3.82)
No 1947/6621 29.4 1
Pollen Allergy
Yes 986/1663 59.3 3.85 (3.43, 4.31)
No 1691/6201 27.3 1
Mold Allergy
Yes 856/1380 62.0 4.16 (3.68, 4.69)
No 1821/6484 28.1 1
Ear Infection in Past Year
Yes 248/423 58.6 2.85 (2.34, 3.46)
No 2466/7520 32.8 1
Stomach Acidity or Reflux in Past Year
Yes 566/1139 49.7 2.08 (1.83, 2.36)
No 2143/6788 31.6 1
Usual Cough
Yes 540/1207 44.7 1.66 (1.47, 1.88)
No 2189/6822 32.1 1
Usual Phlegm
Yes 529/1222 43.3 1.55 (1.37, 1.75)
No 2172/6721 32.3 1
Ever Wheeze
Yes 1494/3304 45.2 2.29 (2.08, 2.51)
No 1261/4797 26.3 1
Ever Asthma
Yes 459/787 58.3 2.99 (2.57, 3.47)
No 2296/7314 31.4 1
Ever Hay Fever
Yes 659/967 68.1 5.10 (4.39, 5.91)
No 2095/7133 29.4 1
Number of Chronic Diseases
0 1486/4575 32.5 1
1 806/2247 35.9 1.15 (1.04, 1.28)
≥2 463/1279 36.2 1.17 (1.03, 1.33)
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Table 3. Cont.
Sinus Problems Unadjusted OR * (95% CI)
Yes/Total (%)
Individual Factors
Family History
Father Lung Disease
Yes 541/1236 43.8 1.65 (1.46, 1.86)
No 1884/5989 31.5 1
Unknown 328/870 37.7 1.31 (1.13, 1.52)
Mother Lung Disease
Yes 404/872 46.3 1.74 (1.51, 2.01)
No 2145/6623 32.4 1
Unknown 206/605 34.0 1.07 (0.89, 1.27)
Brother/Sister Lung Disease
Yes 411/858 47.9 1.90 (1.65, 2.20)
No 2057/6414 32.1 1
Unknown 286/825 34.7 1.10 (0.94, 1.28)
* Odds ratios that are significantly different from zero (p < 0.05) are shown in bold.
Table 4. Bivariable analysis of the association between individual factors and sinus problems.
Sinus Problems Unadjusted OR * (95% CI)
Yes/Total (%)
Covariates
Sex
Male 1115/3984 28.0 1
Female 1640/4113 39.9 1.69 (1.55, 1.85)
Age (Years)
18–45 665/1264 34.5 1
46–55 710/2025 35.1 1.03 (0.90, 1.17)
56–65 712/1915 37.2 1.11 (0.97, 1.27)
>65 668/2227 30.0 0.80 (0.70, 0.92)
Body Mass Index (kg/m2)
Normal (<25) 743/2301 32.3 1
Overweight (≥25, <30) 1010/3143 32.1 0.98 (0.88, 1.10)
Obese (≥30) 854/2258 37.8 1.25 (1.11, 1.42)
Education
≤Grade 12 1482/4825 30.7 0.69 (0.63, 0.76)
>Grade 12 1237/3186 38.8 1
* Odds ratios that are significantly different from zero (p < 0.05) are shown in bold.
The multivariable logistic regression analysis adjusted for covariates and households is presented
in Table 5. The contextual factor farm location was significantly associated with decreased risk of sinus
problems, while sewage pond located near home was associated with increased risk of sinus problems.
Past smoker, low birth weight, occupational exposures to solvents or molds, some health conditions
(house dust allergy, pollen allergy, mold allergy, ear infection in past year, stomach acidity or reflux in
past year, ever wheeze, and ever hay fever), family histories (father lung disease, mother lung disease,
brother/sister lung disease), female sex, and higher educational status were also identified as the
significant determinants positively associated with sinus problems.
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Table 5. Multivariable analysis of the dependency of sinus problems on contextual factors, individual
factors, and covariates.
Adjusted OR * (95% CI)
Contextual Factors
Environmental
Quadrant (Region)
Southwest 1.10 (0.93, 1.31)
Southeast 0.96 (0.81, 1.14)
Northeast 0.95 (0.81, 1.11)
Northwest 1
Location of Home
Farm 0.83 (0.73, 0.94)
Non-farm 1
Sewage Pond or Manure Lagoon Located near Home
Yes 1.19 (1.05, 1.34)
No 1
Individual Factors
Lifestyle Factors
Smoking
Current smoker 0.92 (0.76, 1.10)
Ex-smoker 1.22 (1.08, 1.38)
Never smoker 1
Early Life Exposure
Birth Weight
<2500 g 1.66 (1.29, 2.13)
≥2500, <4000 g 1
≥4000 g 1.08 (0.85, 1.38)
Unknown 0.90 (0.79, 1.03)
Occupational Exposures
Solvents
Yes 1.35 (1.18, 1.53)
No 1
Mold
Yes 1.32 (1.16, 1.50)
No 1
Radiation
Yes 0.95 (0.67, 1.35)
No 1
Health Conditions
House Dust Allergy
Yes 1.98 (1.50, 2.61)
No 1
Pollen Allergy
Yes 1.38 (1.16, 1.65)
No 1
Mold Allergy
Yes 1.93 (1.55, 2.39)
No 1
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Table 5. Cont.
Adjusted OR * (95% CI)
Individual Factors
Ear Infection in Past Year
Yes 2.99 (2.28, 3.93)
No 1
Stomach Acidity or Reflux in Past Year
Yes 2.37 (1.85, 3.02)
No 1
Ever Wheeze
Yes 1.69 (1.51, 1.90)
No 1
Ever Hay Fever
Yes 2.85 (2.36, 3.45)
No 1
Family History
Father Lung Disease
Yes 1.28 (1.10, 1.48)
No 1
Unknown 1.35 (1.09, 1.67)
Mother Lung Disease
Yes 1.30 (1.10, 1.54)
No 1
Unknown 0.99 (0.76, 1.29)
Brother/Sister Lung Disease
Yes 1.34 (1.12, 1.61)
No 1
Unknown 1.08 (0.88, 1.32)
Covariates
Sex
Male 1
Female 1.81 (1.61, 2.03)
Age (Years)
18–45 1
46–55 1.08 (0.92, 1.26)
56–65 1.18 (1.00, 1.39)
>65 0.99 (0.83, 1.17)
Education
≤Grade 12 0.76 (0.68, 0.86)
>Grade 12 1
Significant Interactions (Please see Figure 1) p-Value
Quadrant and Radiation 0.010
Birth Weight and Stomach Acidity or Reflux 0.003
House Dust Allergy and Mold Allergy 0.003
Stomach Acidity or Reflux and Ear Infection 0.025
Ever Hay Fever and Ear Infection 0.041
* Odds ratios that are significantly different from zero (p < 0.05) are shown in bold.
In this final model, five statistically significant interactions were observed (Table 5 and Figure 1).
Radiation was a significant risk for sinus problems in all quadrant of Saskatchewan (Figure 1a).
The association between birth weight and sinus problems completely differed depending on whether
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participants were with or without stomach acidity/reflux (Figure 1b). Among subjects without stomach
acidity/reflux, lower birth weight indicated an increased risk compared with normal birth weight.
In those with stomach acidity/reflux, however, lower birth weight was associated with decreased
risk of sinus problems. Mold allergy was related to greater risk of sinus problems in subjects with
and without house dust allergy (Figure 1c). Although the effect seemed to be blunted in the former,
subjects who had both of these allergies were at a considerably higher risk. A similar tendency was
observed in the interaction between stomach acidity/reflux and ear infection and in that between hay
fever and ear infection as shown in Figure 1d,e, respectively.
Figure 1. Mean predicted probabilities of sinus problems, illustrating the interactive associations
among risk factors.
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4. Discussion
In this large-scale cross-sectional study, we found living on a farm to be associated with a
lower risk of sinus problems, whereas some other environmental and occupational exposures, health
conditions such as allergy and stomach acidity/reflux, family history of lung disease, and female sex
were associated with a higher risk of sinus problems. We also revealed some significant interactive
effects between these factors on sinus problems, which have a reasonable physiological or pathological
basis. We discuss below the factors associated with sinus problems systematically.
4.1. Environmental Factors
The present study indicated an inverse relationship between farm living and the prevalence of
sinus problems. On the other hand, living near a sewage pond or manure lagoon was significantly
associated with the prevalence of sinus problems even after multivariable adjustment. Dampness,
indoor mold, any pets in home, and pesticides applied inside residence were not included in the
multivariable model, whereas they were indicated to be risks of sinus problems in bivariable analyses.
Lower risk of allergic rhinitis in farm specific conditions has been reported by many previous
studies [1,4,13,15]. It has been postulated that exposure to endotoxin might promote a skewing of the
type I helper T cells (Th1)/type 2 helper T cells (Th2) balance toward non-allergic Th1 responses [1,4],
thus protecting against allergies. The immune deviation into either Th1 or Th2 polarization is suggested
to be established already at 5 years of age [4]. It is also well known that pregnancy and early
life represent a biological window of opportunity for shaping subsequent immune reactivity [5,14].
The timing of exposure seems to be crucial and determines the exposure’s beneficial or detrimental
effects [5,7,10,12,14,16]. In the present study, farm residents were more likely to spend their first
year of life on farm compared with non-farm residents. On the basis of this information, a high
proportion of farm residents who had been exposed to farm specific conditions in their early life might
experience the protective effect of living on a farm, via allergic sensitization and shaping subsequent
immune responses.
Another possible explanation of the inverse association between living on a farm and sinus
problems could relate to selective migration of less healthy residents from rural to urban areas.
The subjects or their families may have stopped farming because of symptoms related to exposure.
We could not rule out such a “healthy farmer effect” because of lack of information, although the
proportion of the subjects who lived on a farm during their first year but not at the time of investigation
were not different between subjects with and without sinus problems (47.6% vs. 50.0% in subjects who
spent their early life on a farm, p = 0.100).
We could not find any previous studies showing the direct associations between sewage pond
or manure lagoon located near home and the prevalence of sinus problems. In the present study,
the subjects who lived near a sewage pond were more likely to report dampness (22.8% vs. 17.0%,
p < 0.001) and/or indoor mildew odor (20.9% vs. 14.7%, p < 0.001), which both have been reported as
risks of a variety of adverse respiratory health conditions including sinus problems [31,32]. Though
these factors were not included in the multivariable model, there seems to be a need for more research
to investigate whether or not these factors increase the risk of sinus problems.
4.2. Lifestyle
In the present study, compared to non-smokers, ex-smokers were significantly at a greater risk
of sinus problems. Cigarette smoking can cause mucosal hyper-responsiveness, resulting in sinus
symptoms and intensification of allergic reactions [2]. Adverse respiratory symptoms might make
smokers quit smoking and contribute to the higher risk of ex-smokers.
Sinusitis 2018, 3, 2 15 of 19
4.3. Early Life Exposure
In a bivariable analysis, we observed that ever lived on a farm and lived on a farm during the
first year of life were negatively associated with the prevalence of sinus problems, which supports
the evidence of the hygiene hypothesis [4,10–12,15]. If the mother smoked during pregnancy, it was
significantly associated with the increased risk of sinus problems, however, this variable was not
significant at p < 0.05 in the multivariable analysis. In the final model, we found that low birth weight
was associated with an increased risk of sinus problems, however, previous studies have reported
conflicting results [33].
4.4. Occupational History and Exposures
A significant association was observed between occupational history related to farm work, adult
farming exposure years, grain dust, asbestos dust, welding fumes, solvents, insecticides, mold or
radiation, and sinus problems in bivariable analyses. Among them, solvents and mold were indicated
to be risk factors by the multivariable analysis. Though there is limited information regarding the
association between solvent and sinus problems, chemical exposures to paints, epoxies, and resins
are known to produce nasal irritation [3]. Slager et al. reported that maintenance activities such
as painting and repairing engines were significant predictors of rhinitis [3]. Mold is well known
as one of the most common aeroallergens implicated in persistent allergic rhinitis [1,2], and this is
consistent with the risk of mold allergy in this study. Although some previous studies reported that
specific pesticides such as malathion and glyphosate might contribute to rhinitis in farmers [3,7],
any variables regarding pesticides (i.e., insecticides, fungicides, and herbicides) were not retained in
the final multivariable model in the current analysis. In the present study, an interactive effect was
observed between radiation and quadrant on sinus problems, indicating that an occupational exposure
associated with radiation was a significant risk for sinus problems in all quadrants. Some studies
reported the post-radiotherapy rhinosinusitis in nasopharyngeal carcinoma patients [34], while there
was no report showing the association between sinus problems and environmental or occupational
exposure to radiation.
4.5. Health Conditions
House dust allergy, pollen allergy, mold allergy, ear infection, stomach acidity/reflux, wheeze, and
hay fever were identified to be risk factors of sinus problems by multivariable analysis. Furthermore,
some of these factors closely interacted with each other (i.e., house dust allergy and mold allergy, hay
fever and ear infection, and stomach acidity/reflux and ear infection), with location of home (living on
a farm and house dust allergy), and with birth weight (birth weight and stomach acidity/reflux).
The coexistence of gastro-esophageal reflux disease (GERD) and various respiratory disorders
such as chronic rhinosinusitis or ear infection are reported by several past studies, although a causal
link between them has so far not been sufficiently documented [35–38]. There are few studies showing
the association between birth weight and stomach acidity/reflux. A national cohort study of more
than 600,000 infants born in Sweden reported that preterm birth is associated with an increased risk of
gastric acid-related disorders [39]. Another study using the same population suggested that preterm
birth is also associated with a decreased risk of allergic rhinitis, in accordance with other previous
studies [33]. However, the influence of stomach acidity/reflux was not considered in these previous
studies, and there is no study in which the interactive effect between reflux and birth weight on
sinus problems was investigated. In the present study, the association between birth weight and
sinus problems completely differed depending on whether subjects were with or without stomach
acidity/reflux; lower birth weight represented an increased risk in the subjects without reflux but a
decreased risk in the subjects with reflux compared with normal birth weight. To our best knowledge,
this is the first study reporting the interactive effect between birth weight and stomach acidity/reflux
on the prevalence of sinus problems. Further studies are needed to confirm this finding.
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4.6. Family History
In our study, there was no information on family history of sinus problems, however, the information
on family history of lung disease (i.e., asthma, chronic bronchitis, and emphysema) was available.
Hence, the association between family history of lung disease and sinus problems were investigated.
Father, mother, and brother/sister lung disease were all significantly associated with the prevalence of
sinus problems. Family history of asthma or allergic diseases have been reported to be a significant
predictive factor of their children’s status by many previous studies [1,4,5,10,11,18,40].
4.7. Other Risk Factors (Female Sex and Educational Status)
In the present study, female sex and higher educational status were significantly associated with
an increased risk of sinus problems. Female sex has been indicated to be a risk factor of rhinitis, whereas
the associations seemed to differ by atopic status and/or population age [4,5,18]. Matheson et al.
showed that in subjects who were atopic in adult life, the incidence of rhinitis was higher in boys,
but this higher incidence reversed in adult life when women had a higher risk than men; and in
subjects without atopy in adult life, females had a consistently increased risk of rhinitis compared with
males throughout life [5]. Hormonal factors are a possible explanation for these sex differences [5,41].
The higher risk of sinus problems in females in this study is consistent with the previous studies,
because we investigated the incidence of every sinus problem in adult population.
On the other hand, the association between educational status and sinus problems is controversial.
Tokunaga et al. reported that higher educational attainment indicated a higher risk of allergic
rhinitis [42], whereas some studies have shown the inverse associations [3,40,43]. Educational status,
however, seemed to reflect various other socioeconomic, environmental, and occupational factors,
rather than to be an independent risk factor itself.
4.8. Limitation and Strengths of This Study
Our study had some limitations that are pertinent to all questionnaire-based cross-sectional
studies. The questionnaire-derived information could result in recall bias, misclassification,
and underestimation of the prevalence of sinus problems and its association with the factors. There
was also the lack of data on the intensity and age of initial exposures to the factors as well as no
objective measurements of allergy status such as skin prick positivity or serum Immunoglobulin E
(IgE) levels. Therefore, it was not possible to distinguish between allergic and non-allergic sinus
problems. The information was collected on sinus trouble but not separately as rhinitis, chronic
rhinitis/sinusitis, nasal disorders, or sinus disorders.
The major strength of this study is the large sample size and extensive information which has
been obtained on contextual and individual factors and important covariates via self-administered
mail-out questionnaires. Because the population studied live in widespread locations in the four
quadrants of the province, representing a wide range of geographical areas in Saskatchewan, a mail
questionnaire survey seemed to be the best option. Other authors have discussed this issue and they
have concluded that with the increasing cost of interviewing, a mail questionnaire surveys in widely
spread geographical areas was the best [20,44].
5. Conclusions
In the present study, farm residents had a significantly lower risk of sinus problems than non-farm
residents, likely due to exposure to farm specific environments in their early life. Some occupational
exposures (solvents and mold) related to farm work, however, exactly associated with an increased risk
of sinus problems. The timing and type of the farm exposures are likely responsible for determining
the development of non-allergic sinus problems or protection against allergy. We also reported the
interactive effect between birth weight and stomach acidity/reflux on the prevalence of sinus problems
for the first time. Lower birth weight represented an increased risk in the subjects without reflux
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but a decreased risk in the subjects with reflux compared with normal birth weight. Further studies
are needed to confirm this finding. Our findings provided further insights into the prevalence and
determinants of sinus problems in the rural population.
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